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ABSTRACT 

A microcomputer-based data a c q u i s i t i o n  s y s t e m  has been developed f o r  
as t ronomiea l  obse rv ing  w i t h  two-dimensional i n f r a r e d  d e t e c t o r  arrays.  The 

hardware used is a 16-b i t ,  808618087-based system o p e r a t i n g  a t  8 MHz. 
rates of up t o  454,000 p i x e l s / s e c  are suppor ted .  
u s i n s  i n t e r a c t i v e  software which suppor ts  s e v e r a l  modes nf dsta a c q u i s i t i o n .  

Data 
The hardware is o p e r a t e d  
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I. INTRODUCTION 

J 

The I n f r a r e d  Astronomy Group a t  The Aerospace Corpora t ion  is c u r r e n t l y  
involved i n  a program of 10-pm obse rva t ions  us ing  i n f r a r e d  d e t e c t o r  arrays.  

This program e n t a i l s  t h e  use  o f  two 16-column by 32-row d e t e c t o r  arrays 

manufactured by Aeroje t  Electro-Systems Corpora t ion ,  and one 1 0-column by 50- 

row d e t e c t o r  array manufactirred by Rockwell I n t e r n a t i o n a l .  I n  addi t ior?  the  

arrays,  each manufacturer has provided t h e  ana log  s i g n a l  cha in  e l e c t r o n i c s ,  
m u l t i p l e x e r s ,  and ana log - to -d ig i t a l  c o n v e r t e r s  needed %o i n t e r f a c e  t h e  arrays 
t o  a d i g i t a l  data a c q u i s i t i o n  system. In  t h i s  r e p o r t ,  t h e  microzomputsr 
hardware used t o  r eco rd  the  a r r a y  ou tpu t s  and t h e  s o f t w a r e  used w i t h  t h a t  

hardware w i l l  be described. The hardware is an e x t e n s i o n  of  t h e  microcomputer 
sys t em used i n  our s p e c t r o s c o p i c  observing programs. A complete d e s c r i p t i o n  
of t ha t  hardware and t h e  i n t e r a c t i v e  s o f t w a r e  used wi th  it can be found i n  
Rossano (1986).  As w i t h  our spec t roscop ic  ins%ruments ,  t he  a r ray  systems are 

des igned  f o r  use on the NASA Lear J e t  and Kuipe r  C-141 a i r b o r n e  astronomy 
f a c i l i t i e s .  The need f o r  a rugged, re l iable ,  and f l e x i b l e  system ope ra t ed  i n  
an a i r b o r n e  environment a g a i n  has a major impact on hardware and  so f tware  
des ign .  

* 

* Rossano, G. S.,Publ. Astron. Soc. Pab., 1986, t o  be publ i shed .  
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11. HARDWARE 

The th roo  d e t e c t o r  a r r a y s  are f r e e  runn ing  sys t ems  that  o u t p u t  t he  

detector va lues  as 12-b i t  words i n  a r a s t e r  l i k e ,  l e f t  t o  r i g h t ,  top t o  bottom 

sequence. The arrays cont inuous ly  sequence through a l l  d e t e c t o r s  a t  a user 
selectable frame ra te .  The maximum frame r a t e  (minimum frame time) is f i x e d  

by a minimum p i x e l  time of 600 nsec.  
arrays are 12-b i t  b ina ry  values whose range  of  0 through 4095 cor rosponds  t o  
an ana log  vo l t age  of 0 through 4.999 V (4096 cor responds  t o  5 VI. 
ou tpu t  from the Rockwell array c o n s i s t s  of a 10 -b i t  b inary  va lue  whose range 

of 0 through 1023 corresponds t o  an analog  v o l t a g e  of 0 through 9.990 V (1024 
cor responds  t o  10 VI. The 11th b i t  is used t o  i n d i c a t e  t h e  valuo of a 

manually selectable d e t e c t o r  g a i n ,  whereas t h e  12th  b i t  is no t  used. In  
a d d i t i o n  t o  t h e  12 b i t s  t h a t  encode the detector o u t p u t s ,  each a r r a y  system 

o u t p u t s  two t iming  s i g n a l s .  One of  these is a p i x e l  c lock  wi th  a 50-percent 
duty Cycle.  
xhen the data from t h e  d e t e c t o r  ou tpu t s  are v a l i d .  The framo sync  is a c t i v e  
low f o r  one-half of a p i x e l  time when the data from t h e  l a s t  p i x 2 1  of tho 

array is  o u t p u t ,  t h u s  i n d i c a t i n g  the  end of  each d e t e c t o r  a r r a y  framo. The 

e x a c t  t iming  r e l a t i o n s h i p  betweon t h e  data l i n e s ,  p i x e l  clock, and frame syllc 

tha t  d e f i n e s  our array i n t e r f a c e  s t anda rd  is shown i n  F igure  1 .  

The d i g i t a l  o u t p u t s  from t h e  Aero je t  

The d i g i t a l  

The o t h e r  is a frame sync  signal. The p i x e l  c lock  is acc ive  low 

The microcomputer used t o  record the d i g i t a l  a r r a y  o u t p u t s  is an 
e x t e n s i o n  of the system used with our s p e c t r o s c o p i c  ins t ruments .  To record 
the  array o u t p u t s  we have added t h r e e  i t ems  of hardware t o  t h e  microcomputer 
s y s t m  described i n  Rossano (1986). These three items are of a frame grabbe r ,  
a c o l o r  graphics d i s p l a y  system, and a n ine - t r ack  tape d r i v e  system. 

The array ou tpu t s  a r o  sampled us icg  a double-bufforod frame grabber 
ds s ignsd  and b u i l t  i n  t h e  Space Sciences  Labora tory  of The Aerospace 

Corpora t ion .  
c u r r e n t  hardware. In  a doubls-buffsred system t h e  a r r a y  o u t p u t s  are s t o r p d  i n  

one b u f f e r  whereas t h e  CPU accesses the  o t h e r ,  p rev ious ly  f i l l e d ,  b u f f w .  
Once the CPU is f i n i s h e d  access ing  its c u r r e n t  b u f f e r  t h e  r o l e  of t h e  two 

Frames s i z e s  up t o  4096 p i x e l s  can be accommodated w i t h  t h e  

3 
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hardware buffers is automatically roversed. As long as t h o  CPU data t r amfor  

ra te  oxcoeds the array data r a t e  no data w i l l  be l o s c  as the CPU transfors 
data from the frame grabber t o  systom memory. I f ,  however, the array data 

r a t e  exceeds the CPU data transfer ra te ,  a certain number of frames w i l l  be 
periodically missed. An 8086 microprocessor operating a t  8 MHz can execute 

memory-to-memory block transfers a t  a maximum r a t e  of 454 K words/sec 
(2.2 psec per t ransfer ) .  Since the arrays can operate a t  ra tes  up t o  1.67 M 

words/sec, o w  system can only  record one G u t  of fmr f r m e s  whsr. the arrays 
are  operated a t  f u l l  speed. 
frames rworded, the frame grabber keeps a running modulo-16 count of t h o  

array frame sync pulses. 
output to  f i l l  out the 1 6 - b i t  words which a re  recorded. 

I n  order t o  keep track of the time sequence of 

T h i s  4 - b i t  count is combined w i t h  the 1 2 - S i t  array 

The output of the detector arrays is displayed u s i n g  a color graphics 
display system designed and b u i l t  i n  the Space Sciences Laboratory. 

display system is a dual image plan5 system which uses two Texas Instr?uner?ts 
91 18 video display processor ( V D P )  c h i p s .  

chip w i t h  16K bytes of memory. One VDP ac ts  as a master control ler ,  whereas 
the other acts  as a slave controller. The display from the master controller 

can be programmed to  overlay the display from the slave controller under 
software control. Each image plane can be independently manipulated and is 

programmable using several graphics modes. When used wi th  the array systems 

the detector outputs aro displayed on the slave image plane. 
resolution is 48 rows by 64 columns. Each pixel value is represented by om 
Of 15 Colors. The master image plane is software configured as a 192 row by 

256 column display. The master imago plane currently displays time and date 
information which overlays the slave image plane. The output from the 

graphics controllers is displayed or? standard color video mor?itors. '&en 
operating on the Lear Je t  f a c i l i t y  a small 5-in.  monitor is used. On the 
Kuiper Airborne Observatory a 19-in. monitor is used. Since the output from 
tho graphics display system is NTSC composite video, we are  able to  record the 
graphics display on a video cassette recorder. When observing or? t h s  Kuiper 
f a c i l i t y ,  a stereo VHS video cassette recorder is used. The two audio 

channels of the VCR are used t o  record the two communications channels i n  the 

The 

Each image plar?e uses a 91 18 VDP 

The display 
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Kuiper  f a c i l i t y .  The video t a p e s  are  an extremely valuable  r e c o r d  of 

a c t i v i t i e s  dur ing  an obse rv ing  f l i g h t .  

I n  o r d e r  t o  avold s a t u r a t i o n  of t h e  d e t e c t o r s  by a l a r g e  i n f r a r e d  
background, we a r e  fo rced  t o  o p e r a t e  t he  arrays a t  f u l l  speed. A s  a r e s u l t ,  
our t y p i c a l  d a t a  ra te  is 1.67 M words/sec. Co-adding t h i d  data and s t o r i n g  

t h e  averaged r e s u l t s  on d i s k  are r e l a t i v e l y  s imple .  However, nonastronomical 
program c o n s t r a i n t s  r e q u i r e  the  r e c o r d i n g  of  i n d i v i d u a l  frames. The high d a t a  
rates produced by t h e  d e t e c t o r  arrays,  t o g e t h e r  with program requi rements  
which n e c e s s i t a t e  t h e  r e c o r d i n g  of i n d i v i d u a l  array f rames ,  place a severe 
s t r a i n  on data r eco rd ing  t echn iques .  When o p e r a t e d  a t  f u l l  speed  %he arrays 
gene ra t e  12 b i l l i o n  b y t e s  of data/hr of observ ing .  Five hours of  data 

a c q u i s i t i o n  over a n igh t  of  obse rv ing  t h u s  g e n e r a t e s  60 b i l l i o n  b y t e s  of 
data. Using our c u r r e n t  Frame grabbe r  on ly  one q u a r t e r  of  that  data can be 

r eco rded ,  which is st i l l .  a co’nsiderable cha l l enge .  

S e v e r a l  methods of  data r e c o r d i n g  are a v a i l a b l e  i n  our  hardware system. 
The s i m p l e s t  of these is r e c o r d i n g  on double-s ided ,  double d e n s i t y  8-in. 
floppy d i s k s .  Each d i s k  h a s  a c a p a c i t y  o f  1228 frames. A t  a frame time o f  
307 psec (600  nsec /p ixe l  times 512 p i x e l s ) ,  1228 frames correspond t o  0.377 
sec o f  i n t e g r a t i o n  time per d e t e c t o r .  These data are c o l l e c t e d  i n  1 .5  sec o f  
real time s i n c e  on ly  eve ry  f o u r t h  frame is captured by t h e  frame grabber when 
the  arrays are opera ted  a t  f u l l  speed. In a d d i t i o n ,  approxiinately 30 sec is 

r e q u i r e d  t o  write t h e  data ,  which is buffered  i n  memory, t o  d i s k .  Conse- 
quen t ly ,  the observ ing  e f f i c i e n c y  when r e c o r d i n g  data on d i s k  is approximate ly  

1 pe rcen t  when the  arrays are ope ra t ed  a t  f u l l  speed. In a d d i t i o n  t o  poor 
obse rv ing  e f f i c i e n c y ,  r e c o r d i n g  on f loppy d i s k s  has the d isadvantage  o f  
r e q u i r i n g  t h e  use of an excessive number of d i s k s .  

d i s k  consumption rates of up t o  100 d i s k s / h r  are conce ivab le .  COnSeqUently, 
t h i s  method is  g e n e r a l l y  n e i t h e r  c o s t - e f f e c t i v e  nor p r a c t i c a l .  Neve r the l e s s ,  
i n  c e r t a i n  s i t u a t i o n s  its use  cannot be avoided. For example, r e c o r d i n g  on 
d i s k  is t h e  only proven method f o r  which t h e  r e q u i r e d  hardware w i l l  f i t  i n t o  
the l i m i t e d  space of the Lear Jet  f a c i l i t y .  

When r e c o r d i n g  on d i s k ,  

r 

w, 
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In o r d e r  t o  improve observ ing  e f f i z i e n c y  and t o  e l i m i n a t e  the need t o  

carry cases of  f loppy d i s k s  on eazh observ ing  run, a r e l a t i v e l y  small nine- 
track tape d r i v e  was added t o  t h e  microcomputer system f o r  use on t h e  Kuiper  

Airborne Observatory and du r ing  ground-based obse rv ing .  The tape d r i v e  is a 
Telex 6250 bpi vacuum column d r i v e  which r u n s  a t  50 i p s .  Some tape d r i v e s  

r e q u i r e  mechanical ad jus tments  over  t h e  r ange  of  c a b i n  a i r  pressures 
encountered when o p e r a t i n g  on t h e  Kuiper  f a c i l i t y  between sea l e v e l  and 

o p e r a t i n g  cabin a i t i t u d e  (approximately 9000 f t  pressiire a l t i t u d e ) .  The d r i v e  
selected does not  r e q u i r e  any such ad jus tments  and was selected p r i m a r i l y  f o r  

t h a t  r eason .  

r 

J 

The tape d r i v e  c o n t r o l l e r  used t o  o p e r a t e  t h e  tape d r i v e  was designed and 

b u i l t  i n  t h e  Space Sc iences  Laboratory. The c o n t r o l l e r  is memory mapped and 
can suppor t  tape block l e n g t h s  of up t o  64K b y t e s .  The c o n t r o l l e r  makes t h e  

tape d r i v e  appear t o  the microprocessor as a 64K block o f  memory. 
t r a n s f e r s  c o n s i s t  of an 110-mapped command t o  t h e  tape d r i v e  t o  read o r  write 
a tape b lock ,  followed by a memory-to-memory block data t r a n s f e r .  The tape 
c o n t r o l l e r  f o r c e s  CPU wait s t a t e s ,  which synchronize  the memory-to-memory data 

t r a n s f e r s  wi th  t he  tape d r i v e  data r a t e  (312,500 bytes/sec). When r e c o r d i n g  
on tape, data are buf fe red  i n  memory and w r i t t e n  t o  tape u s i n g  a f i l e  

s t r u c t u r e  of  50 64K b y t e  blocks per f i l e .  Each f i l e  c o n s i s t s  of 3200 
frames. Up t o  50 f i l e s  can be recorded on each n ine - t r ack  tape. The 3200 
frames recorded  i n  each data f i l e  correspond t o  0.983 sec of i n t e g r a t i o n  time 
per d e t e c t o r .  These data are c o l l e c t e d  i n  3.9 sec of real time, s i n c e  o n l y  
eve ry  f o u r t h  frame is captured by t h e  frame grabber when t h e  arrays are 
o p e r a t e d  a t  f u l l  speed, and r e q u i r e  approximately 11 sec t o  be w r i t t e n  t o  
tape. The r e s u l t i n g  obse rv ing  e f f i c i e n c y  when recording on nine- t rack  %age is 
6.6 pe rcen t  when the a r r a y s  are opera ted  a t  f u l l  speed. 

t a p e ,  tape consumption is no a o r e  than 4 t a p e s / h r .  

Data 

When r eco rd ing  on 

The poor obse rv ing  e f f i c i e n c y  obta ined  when r e c o r d i n g  on f loppy d i s k  o r  
n i n e - t r a c k  %ape is p r i m a r i l y  caused by the low data t r a n s f e r  r a t e s  a v a i l a b l e  
w i t h  those dev ices .  The use of hard d i s k s  o r  h ighe r  speed tape drives does 
n o t  a p p r e c i a b l y  improve observ ing  e f f i c i e n c y  and does no t  meet our  r equ i r e -  
ments f o r  rugged p o r t a b l e  equipment Capable o f  o p e r a t i n g  i n  an a i r b o r n e  

7 



environment.  Curren t ly  w.e a re  cons ide r ing  r e p l a c i n g  our  frame grabber  wi th  a 

DMA c o n t r o l l e r  capable  of  c a p t u r i n g  eve ry  frame when the  arrays are o p e r a t e d  
a t  f u l l  speed, and t o  add a 1G byte  o p t i c a l  d i s k  system. With t h i s  hardware 

we a n t i c i p a t e  an obse rv ing  e f f i c i e n c y  of 1 4  pe rcen t .  Th i s  t r a n s l a t e s  i n t o  8.4 
b i l l i o n  by te s  of data i n  5 h r  of real time, r eco rded  on 5 double-s ided o p t i c a l  

d i s k s .  In a d d i t i o n ,  t h i s  hardware is s u f f i c i e n t l y  compact so as  t o  a l low its 
use on t h e  Lear Jet f a c i l i t y .  

A 

L 

Extremely s o p h i s t i c a t e d  and expens ive  mass storage d e v i c e s  a re  r e q u i r e d  
t o  c a p t u r e  and s tore  5 hr of array data w i t h  the a r r a y s  o p e r a t i n g  a t  f u l l  
speed w i t h  100 percent  e f f i c i e n c y .  C u r r e n t l y  we are  involved  i n  t h e  

development of a data a c q u i s i t i o n  system whidh d i r e c t l y  records the  a r r a y  
o u t p u t s  of  an Ampex 28-track high b i t  r a t e  t a p e  system. This sys t em is 
capable  of r eco rd ing  the  a r r a y  o u t p u t s  a t  f u l l  speed  wi th  100 percent  
e f f i c i e n c y  without  CPU i n t e r v e n t i o n .  Each 28-track t a p e  is capable o f  s t o r i n g  
30 min of  data when the a r r a y s  are  o p e r a t e d  a t  f u l l  speed.  However, 
i n t e g r a t i n g  t h i s  hardware i n t o  a data a c q u i s i t i o n  system is ext remely  
d i f f i c u l t ,  time consuming, and expensive.  The de ta i l s  of t h i s  hardware w i l l  

no t  be descr ibed  here due t o  its l i m i t e d  u s e f u l n e s s  t o  t h e  gene ra l  obse rve r .  

8 



111. SOFTWARE 

The array o u t p u t s  are d isp layed  us ing  t h e  g raph iz s  system p rev ious ly  
described. In the  presence o f  a high background, and because of t h e  s i g n i f i -  

c a n t  p a t t e r n  n o i s e  i n  t he  d e t e c t o r  arrays, a direct  frame-by-frame d i s p l a y  of  
t h e  d e t e c t o r  o u t p u t s  is of  l i m i t e d  use fu lness  when o b s e r v i n g  i n  a s t a r i n g  
mode. To overcome these problems, two e s s e n t i a l  features are inc luded  i n  the  

d i s p l a y  so f tware .  F i r s t ,  t o  improve the  s i g n a l - t o - n o i s e  r a t i o ,  the  average  o f  
a group of  frames can be d i sp l ayed  instead of t h e  i n d i v i d u a l  frames 
themselves.  This provides a d i s p l a y  wi th  an adequate  s i g n a l - t o - n o i s e  r a t i o  
f o r  t h e  b r i g h t e s t  o b j e c t s  i n  t h e  sky;  however, even wi th  m u l t i p l e  frame 
ave rag ing ,  the  v a s t  m a j o r i t y  o f  sources cannot, be seen  i n  a s t a r i n g  
o b s e r v a t i o n  mode without c o r r e c t i o n  fo r  p a t t e r n  no i se .  Thus, t o  c o r r e c t  f o r  
p a t t e r n  n o i s e ,  a predetermined s e t  of o f f s e t  and g a i n  c o r r e c t i o n  f a c t o r s  can 
Se a p p l i e d  t o  t h e  d e t e c t o r  o u t p u t s  before d i s p l a y .  These c o r r e c t i o n  f a c t o r s  
a r e  de r ived  f o r  each p i x e l  from data ob ta ined  by uni formly  i l l u m i n a t i n g  the 

arrays w i t h  r a d i a t i o n  from extended sources  a t  two d i f f e r e n t  tempera tures .  I n  

a d d i t i o n ,  background o f f s e t s  ob ta ined  by obse rv ing  nearby r e g i o n s  of  "empty" 
s k y  can be used t o  o p e r a t e  i n  a s t a r i n g  wi th  background s u b t r a c t i o n  mode. I f  

the background does not  vary  t o o  r a p i d l y ,  t h i s  mode o f  o p e r a t i o n  permi ts  the 

d i s p l a y  of weaker sources  i n  real time. 

In t he  absence of o f f s e t  and gain c o r r e c t i o n s ,  weak s o u r c e s  are best 
d i s p l a y e d  by chopping a g a i n s t  nearby sky. In t h i s  mode of o p e r a t i o n  
measurements are  a l t e r n a t e l y  made on source  and o f f  source .  A running  average  
of  t h e  on-source,  o f f - sou rce ,  and d i f f e r e n c e  frames is d i sp layed  by the co lo r  
graphics system. By chopping, background o f f s e t s  and  p a t t e r n  n o i s e  are 
l a r g e l y  e l imina ted  from the d i f f e r e n c e  d i s p l a y  s i n c e  t h e  AC response  of the  

d e t e c t o r s  is f a i r l y  uniform a c r o s s  the arrays. By chopping i n  a nor th-south  
d i r e c t i o n  with an a p p r o p r i a t e  chopper throw and t h e  sou rce  p rope r ly  l o c a t e d  
off c e n t e r ,  a po in t  sou rce  can be made t o  appear as both a p o s i t i v e  and 
n e g a t i v e  s i g n a l  i n  the d i f f e r e n c e  frames (one above c e n t e r  and one below). In 
t h i s  way t h e  f a c t o r  of 2 i n  i n t e g r a t i o n  time tha t  would o the rwise  be l o s t  i n  
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chopping can be recovered .  Our c u r r e n t  s o f t w a r e  can d r i v e  t h e  Kuiper chopping 

secondary mirror a t  f r equenc ie s  u p  t o  27 Hz. 

Seve ra l  formats are a v a i l a b l e  when r e c o r d i n g  the array data.  The a r r a y  

o u t p u t s  are sampled by t h e  frame grabber and b u f f e r e d  i n  memory. These data 
are then  p e r i o d i c a l l y  w r i t t e n  t o  double-s ided ,  double d e n s i t y  8-in.  f l oppy  

d i s k s ,  o r  t o  n ine- t rack  t apes .  In  a d d i t i o n  t o  t he  a r r a y  data,  header 
informat ion  c o n s i s t i n g  o f  the source name, a r r a y  i d e n t i f i c a t i o n ,  data 

a c q u i s i t i o n  program i d e n t i f i c a t i o n ,  data start time and date,  and data stop 

time and date are recorded .  D i s k  s t o r a g e  is d iv ided  i n t o  two groups of two 

memory b u f f e r s  of 307 frames each and one header r e c o r d .  Each tape f i l e  
c o n s i s t s  of  10  memory b u f f e r s  of  320 frames each and one header r e c o r d .  

In a d d i t i o n  t o  r eco rd ing  the  raw d e t e c t o r  o u t p u t s ,  averaged data can a l s o  
be recorded .  When obse rv ing  i n  a s t a r i n g  mode, a user -def ined  number of 

frames can be averaged t o g e t h e r  and s t o r e d  on d i s k  as a map f i l e .  Each map 
f i l e  c o n s i s t s  of 256 b y t e s  of header informat ion  fo l lowed by the  i n d i v i d u a l  

d e t e c t o r  va lues  i n  raster sequence. The d e t e c t o r  va lues  a r e  t h e  averages  3f 

%he frames sampled, conver ted  t o  ou tpu t  v o l t a g e s .  When obse rv ing  i n  a chopped 
mode, a user-defined number of Chopper cycles are averaged t o g e t h e r  and s t o r e d  

on d i s k .  A s  is t h e  case i n  t h e  chopped d i s p l a y  F P O C e d u r e ,  the on-source,  o f f -  

s o u r c e ,  and d i f f e r e n c e  frames are a v e r a g e d . t o g e t h e r .  A t  t he  end of t he  

desired number of chopper c y c l e s ,  each o f  these ave rages  is w r i t t e n  t o  d i s k  as 

a map f i l e .  The r e c o r d i n g  of averaged and/or Chopped data is t h e  procedure we 
normally use  fo r  as t ronomica l  o b s e r v a t i o n s .  Observing e f f i c i e n c y  is 

approximately 4 percent  i n  t h e  s t a r i n g  mode and 2 pe rcen t  i n  t h e  chopped mode 
when the arrays are ope ra t ed  a t  f u l l  speed. These obse rv ing  e f f i c i e n c i e s  are 
l i m i t e d  p r i m a r i l y  by the Speed a t  which the 8086 can process  the  data i n  real- 
time. Data s t o r a g e  requi rements  i n  the  s t a r i n g  and chopped nodes are 

r e l a t i v e l y  modest, wi th  a f u l l  n igh t  of obse rv ing  r e q u i r i n g  o n l y  one o r  two 
floppy d i s k s .  Observing e f f i c i e n c i e s  could  be s u b s t a n t i a l l y  improved by 

o p e r a t i n g  t h e  a r r a y s  a t  lower speeds; however, t h e  i n f r a r e d  backgrounds 
c u r r e n t l y  seen by t h e  d e t e c t o r s  preclude t h i s  o p e r a t i o n .  
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Post-processing o f  r eco rded  d a h  is  r e l a t i v e l y  straightforward. The 

i n d i v i d u a l  frames recorded on d i s k  or t a p e  can be d i sp l ayed  i n  sequence us ing  
%he same d i s p l a y  format as previous ly  descr ibed .  The i n d i v i d u a l  frames can be 

averaged t o g e t h e r  t o  produce a map f i l e  f o r  each data f i l e  recorded  on d i s k  or 
t ape .  I n  a d d i t i o n ,  a map f i l e  c o n s i s t i n g  of s tandard  d e v i a t i o n s  is also 
genera ted  when t h e  frames are averaged. Map f i l e s  can be i n t e r a c t i v e l y  
manipulated i n  a v a r i e t y  of ways. The most basic of these c o n s i s t  of 

c o r r e c t i o n  for o f f s e t  and ga in  v a r i a t i o n s ,  d i s p l a y  of t he  d e t e c t o r  v a l u e s ,  and 

l i s t i n g  of the detector va lues  a n d  s t anda rd  d e v i a t i o n s .  Examples of da ta  

t aken  w i t h  a Rozkwell and an  Aerojet a r r a y  i n  the  chopped mode are shown i n  
F igu re  2. 

11 



-. ?;&re 2a. 10-micron array abservation of a 3ri obtained an the Xuiser 36- in .  
telesco@e wi th  a 3ocksrell array.  The center 9 by 9 Tixels are 
shown. The f i e l d  of view is 45 by 45 a rc  see.  Contours arb 
p l o t t e d  every 3 mV. The r e su l t  was obtained by averaging KN33 
cho@per cycles. Each cycle consists of data  from m e  307 
w e 2  frame taken on source minus data from one 307 psec frame 
taken off  source. The FdHM observed for  t h i s  point, source is 1 1  
arc sec. 
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Figure  2b. 10-micron a r r a y  o b s e r v a t i o n  of Venus a b t a i n e d  on t h e  Kui?er 36-in.  
t a l e s c o p e  w i t h  a n  Aerojet a r r a y .  The lower 24 by 16 p i x e l s  are 
shown. The f i e l d  of  view is 120 by 80 a rc  sec. Contours  aro 
c l o t t e d  e v e r y  63 mV. The data were o b t a i n e d  as above. 



I V .  SUMMARY 

To f a c i l i t a t e  t h e  use of i n f r a red  a r r a y s  w i t h  a d i g i t a l  data a c q u i s i t i o n  
sys t em,  we have es tabl ished a d i g i t a l  s i g n a l  and t i m i n g  i n t e r f a c e  s t anda rd .  

Arrays b u i l t  t o  t h i s  s t anda rd  by two manufac turers  have been i n t e r f a c e d  t o  a 

microcomputer-based data a c q u i s i t i o n  system. These a r r a y s  have been used 
in te rchangeably  on two a i r b o r n e  t e l e scopes  and  one  ground-based t e l e s c o p e .  
I n t e r a c t i v e  data a c q u i s i t i o n  sof tware has been developed which s u p p o r t s  
s e v e r a l  methods of obse rva t ion  and da ta  r eco rd ing .  Sequen%ial  frames can be 

captured  and recorded  a t  ou tpu t  r a t e s  of up t o  454 K p i x e l s / s e c .  Data from 
a r r a y s  ope ra t ed  a t  rates of up to  1.67 M p i x e l s / s e c  can be cap tu red  and 
recorded;  however, s e q u e n t i a l  frames cannot  be cap tu red  a t  t h a t  r a t e  w i t h  our 
c u r r e n t  hardware. 

e f f i c i e n c y  by p e r m i t t i n g  a c q u i s i t i o n  of s e q u e n t i a l  frames a t  rates up t o  1 .67  
M p i x e l s / s e c  us ing  an  Ampex 28-track t a p e  r e c o r d e r ,  and,  e v e n t u a l l y ,  o p t i c a l  
d i s k  s t o r a g e  technology.  

E f f o r t s  are c u r r e n t l y  underway t o  improve obse rv ing  

i 
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